Physical inactivity is a major risk factor for cardiovascular disease in adults. 1 Cardio-respiratory fitness is also correlated with cardiovascular disease risk factors in children, 2, 3 and it has been suggested that levels of physical activity in childhood may influence adult levels of physical activity. 4, 5 It has been reported that British children have low levels of physical activity, 6 but information is still scarce. We reported previously that obesity and short stature were strongly related to poorer cardio-respiratory fitness, and higher blood pressure to a lesser extent, and that social factors were unrelated to fitness. 7 Patterns of physical activity and physical fitness vary among children of different ethnic origin because of biological and socio-cultural factors. 8, 9 However, little information is available in Britain. 8 The large differences in growth between ethnic groups in Britain preclude generalizations from findings in one ethnic group to another. 10 The current analysis assesses the associations of social factors, parental health behaviour in terms of passive smoking, child's anthropometry and risk factors for coronary heart disease (CHD) measurements with cardio-respiratory fitness in relation to ethnic groups.
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Subjects and Methods
The National Study of Health and Growth (NSHG) included three samples: an English sample, a Scottish sample and an English inner city sample. Areas in the English and Scottish samples were selected by stratified sampling according to indicators of social deprivation. However, it was found that the social class distributions of these samples were similar to the social class distribution of other samples selected to be representative of the country. 10 Because of this, and to distinguish them from the selected inner city, the English and Scottish samples are referred to as representative. The inner city sample included 10 areas in England with a high prevalence of overcrowding, male unemployment or shared household amenities; five wards with a high proportion of families from Indian subcontinent backgrounds and five with high proportion of families from Afro-Caribbean backgrounds, which also had characteristics of deprivation. 10, 11 The cycle-ergometer test was carried out in the English representative sample in 1992, in the Scottish representative sample in 1992 and 1993, and in the English inner city sample in 1993. The assessment was carried out in the classes in which most children were 9 years old by the end of the school year in which fieldwork was carried out. 7, 12 The parents had to sign a consent form for the child to take part in the study after receiving information about the study aims and the measurements. The parents or guardians were asked to complete a questionnaire on socio-demographic information and questions on health in the family and the child. In the inner city areas the questionnaires were bilingual for the largest ethnic minorities in the study. Ethical approval was obtained from all relevant ethical committees in England and Scotland. Time to perform the test was limited to one week in each study area and not all the eligible children could be tested in the period allowed. Testing the children started from the beginning or the end of the alphabetical list according to a random allocation of study areas to ensure that the sample was not biased towards children who were keen on physical exercise. 7 Power output against load at 85% of the maximum heart rate (PWC85%) was measured as a marker of physical fitness, by cycle-ergometer test as recommended by Eurofit. 13 In Eurofit the test was standardized for adolescents and the power output at 85% corresponds to a pulse rate of 170/min. In 9 year olds, 85% roughly corresponds to a pulse rate of 185/min. The seat height was adjusted to the child's height. The child was asked to ride the cycle for 6 min and the load was increased every 2 min by adjusting the friction control mechanism of the cycleergometer with a pendulum weight system. The first load was calculated according to the child's weight, height and age using a small integrated computer. Subsequent loads were calculated based on the child's heart rate in the last 10 s of each 2 min period. Children were asked to stop the test if their heart rate reached more than 196/min, if they became too exhausted or if they felt some unusual discomfort. Children whose heart rate did not reach the pre-established limit at the third load continued the test for another 2 min with an increased fourth load. The PWC85% was calculated using the data at the last two loads by linear interpolation:
where 185 is used as 85% of maximum heart rate, and HR2 and HR1 are heart rates at loads 2 (the last load) and 1 (the load before the last) respectively; W2 and W1 are workloads in watts at loads 2 and 1 respectively and BW is body weight in kg. Ethnic group was classified for this analysis into six groups, white English, white Scottish (representative samples), white inner city, African/Afro-Caribbean inner city group, those originating from Indian subcontinent in the inner city sample and Others in inner city areas (mainly other Asians or Mediterranean children). The data for white English, previously reported, 7 were included in these analyses for comparison with the other groups.
The following independent variables were used: ethnic group as described above, total number of children in the family (1, 2, 3 or 4, у5, not known), mother's level of education (primary school or none, middle or secondary, commercial or technical, university, not known), father's employment status (unemployed, employed, not known, no father at home), father's social class (non manual, skilled manual, semi and unskilled manual, no father at home, not known), parents' smoking behaviour in terms of total number of cigarettes smoked at home a day (0, 1-4, 5-14, 15-24, у25, not known), height, systolic blood pressure (SBP), pre-exercise peak expiratory flow rate, sum of skinfolds (biceps, triceps, subscapular and suprailiac), skinfold distribution (the ratio of biceps + triceps to subscapular + suprailiac). A log transformation was used for the sum of skinfolds and skinfold distribution because each had a positively skewed distribution. The skinfold distribution variable was added to the analysis as there is some evidence that central fat distribution may be associated with an increased risk of coronary heart disease. 14 Sum of skinfolds and skinfold distribution were both included in the analyses to ascertain which, if any, was more strongly associated with physical fitness.
Details of how anthropometric measurements were taken and references on technique used are given elsewhere. 7, 12 In brief the assessment of total serum cholesterol was measured in capillary blood using a reflectance photometer (Lipotrend C). 12 Blood pressure was measured with the Dinamap 1846 automated sphygmomanometer in the right arm with an inflatable cuff of small adult size. 12 Peak expiratory flow rate was measured three times with the mini Wright peak flow meter and the mean of the three measurement used in the analysis. 7 A logistic regression was carried out, for boys and girls separately, to assess the factors associated with the termination of the test before 4 min, when PWC85% could not be calculated. The dependent variable was whether or not the child completed the test; the independent variables were ethnic group, total number of children, parents' total home smoking, father's employment status, father's social class, mother's education, child's height, systolic blood pressure, pre-exercise peak expiratory flow rate, sum of skinfolds and skinfold distribution. The analysis used backward elimination until the P-values of the remaining independent variables were Ͻ0.1.
Multiple regression analyses were performed for each sex separately, with PCW85% as dependent variable and as independent variables all those described above. The final model, after backward elimination of variables, included only variables significantly associated with PWC85% at least at the 10% level. Two further analyses were carried out. One with SBP as the dependent variable and another with total cholesterol level as the dependent variables. In these two analyses physical fitness was included as one of the independent variables; SBP has been shown to have a negative association with physical fitness and there is some evidence of a negative association between total cholesterol and physical fitness. 3 Results Table 1 gives the reasons for exclusion of children from the analyses. Children belonging to ethnic minorities in the English and Scottish representative samples were excluded as they were a very small percentage of the total sample; a further 16.3% boys and 15.8% girls, most belonging to the Scottish sample, were excluded due to lack of time. Some children were unable to participate because the cycle-ergometer was out of order (3.9%). There were 1011 boys and 997 girls able to participate. Refusal to participate varied between 15% and 27%, being higher in the inner city sample. There were data from 711 (67.5%) boys and 711 (68.5%) girls. Table 2 shows the percentage unable to finish у4 min of the test, and PWC85% mean and SD by ethnic group of those whose PWC85% was calculated. In both sexes children originating in the Indian subcontinent were less likely to finish the test and had the lowest PWC85%.
In all, 102 (14.3%) boys and 115 (16.2%) girls were unable to finish у4 min of the test, and their PWC85% could not be calculated (Tables 3 and 4) . Height was positively associated with the ability to complete the test (P Ͻ 0.001 in both sexes). Systolic blood pressure (P = 0.006 in boys and P = 0.07 in girls) and sum of skinfolds (P Ͻ 0.001 for both sexes) were negatively associated with the ability to finish the test. More than a third of the children belonging to the Indian subcontinent group and 27% of the girls from the 'Others' group were unable to complete the test while in other ethnic groups less than 17% of the children were unable to finish the test. For boys, the number of children in the family was marginally associated (P = 0.069), with those who were the only child in the family being more likely to complete the test. There was variation between social classes in ability to finish the test in boys (P = 0.03), with manual social class slightly more likely to finish, and those with no father at home less likely, than the non-manual group.
The PWC85% was positively associated with height (P = 0.02 in boys and P Ͻ 0.001 in girls) and negatively associated with sum of skinfolds (P Ͻ 0.001 in both sexes) ( Tables 5 and 6 ). Children from the Indian subcontinent showed the poorest PWC85%. In girls there was variation in PWC85% between father's employment status groups, but none of the groups was significantly different from the comparison group.
We carried out a multiple regression analysis with SBP and cholesterol concentration as dependent variables, separately, and PWC85% and all the others variables listed before as independent variables. No association was found between physical fitness and these two variables (not shown).
Discussion
This analysis has shown that taller children and those with lower levels of fatness have better physical fitness and demonstrated that children from the Indian subcontinent groups were less fit than other children, as a third of them were unable to finish the test and those who were able to finish had lower PWC85% than children in other ethnic groups. Children with lower SBP were more likely to finish the fitness test. Other variables were unrelated or inconsistently related to PWC85%. Approximately 70% of the eligible children participated in the study. The percentage was lower in children from inner city areas than those from the representative sample. It is unlikely that in the group originating from the Indian subcontinent the non-participants were more fit than the participants and the opposite the case in all other ethnic groups in the study. Parents who refused consent to their child participating in the fitness test refused consent for any of the assessments in the study. The measurements included a blood specimen 12 and this was the main reason for parental refusal, as most children were keen to participate in the fitness test. Though the possibility of bias cannot be excluded, we do not know of any reason which would have distorted the patterns of associations. The most plausible reason for a biased sample would have been that obese children convinced their parents not to give positive consent. However, we demonstrated that the sum of skinfolds was highly and negatively significantly associated with fitness. Thus bias, if present at all, was too small to greatly reduce the magnitude of this known association.
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There is agreement in the literature that fitness is strongly related to obesity, with obese children being less physically active 15 and having generally poorer levels of fitness than other children. 2, 7, 16 The consistency of the association is a matter of concern because obesity in children is increasing in Britain and elsewhere. 17, 18 A sedentary lifestyle may be a plausible explanation for poor physical fitness and obesity. 6, 19 There is some evidence that physical activity decreases body fat and increases lean tissue acquisition in adolescents. 20 The level of physical activity in pre-pubertal children is difficult to measure and only recently have methods been developed which may be shown to be valid and feasible in epidemiological studies. 21 However, the association between obesity and television watching in North American children provides support to the view that obesity, physical activity and cardio-respiratory fitness are all strongly associated. 22, 23 In our study children from the Indian subcontinent showed poor physical fitness. It has been reported before that children from the Indian ethnic groups, particularly girls, are less likely to be involved in physical activity, and socio-cultural factors have been given as an explanation for this behaviour. 8 Diabetes mellitus and coronary heart disease are highly prevalent in adults originating in the Indian subcontinent in Britain. 24, 25 Thus it is conceivable that changes in physical activity in this ethnic group may have an impact in reducing obesity, diabetes mellitus and coronary heart disease. High density lipoprotein (HDL) is comparatively low and is well known that hyperinsulinaemia and insulin resistance are highly prevalent in adults from the Indian subcontinent. 25, 26 Shaukat and de Bono reported that in young adults, both in whites and those originating from the Indian subcontinent, there was an association between hyperinsulinaemia and physical activity. 26 Thus low physical fitness and low physical activity may contribute to an increased risk profile for coronary heart disease in that ethnic group.
There are several possible explanations for the poor cardiorespiratory performance of children from the Indian subcontinent. Mahoney, validating fitness tests in children from the Indian subcontinent, concluded that the cycle-ergometer may not be appropriate for that ethnic group as many children, especially girls, had never ridden a cycle. 8 There is some support for this view in our analysis given the large percentage of children who were unable to finish the test and the poorer PWC85% values in girls than boys in those originating in the Indian subcontinent. However, it is unlikely that the opportunities for riding a cycle are similar for all other groups in the study, and yet there was little variation in physical fitness between other ethnic groups. Motivation also has been claimed as a possible PHYSICAL FITNESS VARIATION IN CHILDREN 285 Table 5 Final model using multiple regression with backward elimination to assess variables associated with power output against load at 85% of the maximum heart rate PWC85% (watt/kg) for boys reason for low PWC85%, but this was not observed by our fieldworkers who reported a great interest in participation from all children. Socioeconomic factors, which are related to physical fitness in societies in economic transition, 27, 28 were not relevant in our study. Obesity alone cannot, in our analysis, be an explanation for the results as children from the Indian subcontinent were not fatter than children from other ethnic groups, 29 and we adjusted for this variable in the analysis. The most plausible interpretation of our results is that children from the Indian subcontinent do not carry out vigorous physical activity and also lack familiarity with the skills needed for the test. If our contention is correct changing behaviour in relation to physical activity in this ethnic group may offer an opportunity for lowering CHD risk factors.
In conclusion, children who are small, fat, with higher SBP and belong to the Indian subcontinent group have poorer physical fitness than other children. It has been suggested that lack of physical activity is a widespread problem in our society. 6 This study suggests that the problem is even more severe in children originating in the Indian subcontinent.
